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I . U

13 September 197$ at I L,ckheed Palo Alto Research l aboratory in
Palo .t l to , California.  I’rogress was reviewed and discussed .

Personnel I’ rest ’nt :

W at k i ns—j ohn son  Coi~i~~~
No rman II. 1 chrer

i.oc kheei l Resea rch l .aho rator

I)r. Grant Maple
Dr. Robert Buchanan

E LIADCUM

I)r. Elliott Schiam
Mr. I ’h lIll p K r i v i k o w s k i

The r t .pr txluelhi l l tv  of the catbodoluminescent thin f i lm fabrication
tec hnt qu e~ needed further tmpro~ement. This had been recognized
1w I “ekht vt i personnel and th c~ were directing a major portion of
t hea  r effort t. resolve this . Reproducibil i t y is indicated by mea—

~ur ern -n t ~- *sf the cathudoluinineseen t  efficiency , and the diffuse
and -.pecular r e f i e c t i v i t~ of the complete composite fi lms. The
t . t j t i t ; u v a . u n t  a n u l  techn lquc~. [or these optical measurements were
.ut a ~ el~ ii ~ cu~~ oi . improved techn i t jnvs  were planned.

1-1 September 19 7’ at ~ ;atk i ns— .lohnson Company In Scotts Valley ,
( a l i f u r n i . a . I’ rog r v•s— ~t as revie~ ed and discussed.

Personnel Present:

W a t k i n s — j o h n s o n  ( ompani

Mr.  N or m an II. I chrer
Mr. -John I. . tu rner

F ;RAI ) CUM

Dr. E Iliott Schiam
Mr. P hA I l ip  K r z v ,ku ~~ski

Four faceplates were received and fabricated into CRT S. One of
(our achieved successful operation (fa ceplate 019) . Data measured
it 10kv ired i showed it to have improved brightness over the pro-

V iot is t~~o tubes completed. Specifically , the improvement was a
fac to r of four. Thi s  tube ut i l iz ed an Einzel electron gun rather



1. 0 ContInued

than the bipotent ial gun used in the first two tubes .

The Finze l  gun tube has electrical requiremen ts most simila r
to the monochrome tube tha t was proposed to be replaced.

2. 0 INTRO [)t CT IO N
2 1 Background

Development of the high contrast two -color tube , which is the
objective of this progra m , encompasses the fabr ication of the
sc reens and the i r  a~ semhlv Into the completed tube . The sc reens
a rtS bei ng made by the LAckh ecd Palo Alto Research Laboratory
under subcontract from Watkins —John son Company. Watkins—
Johnson will  assemble the complet ed screens In to finished tubes .

The major  thrust of this program is the screen fabrication effo rt ,
pa rt icu larl y the appli cat ion of these screens to a thin film pho s—
itho r cathode—ray tube. Effo rt on the screen s was late in sta rt-
ing because of the dela y in awarding the subcontract to the Lock-
heed Palo Alto Researc h La bo rator y . This occur ed In Septem-
ber , 1 97s .

Faceplate fabrication proceeded in this in ter im culminating in
the ’ delivery of 16 facep lates b Marc h 1 , 1979. The bu lk of
this repo rt concerns the fabr ication effort.

In December Watkins—Johnson hired Dr. Glenn A. Holmquist.
ills responsibilities wil l  include work on th i s  program.

2. 2 Statem ent of the Problem

The basic ob j ective of this program is the abil i ty to display in-
formation generated by various electronic systems with suitable
high resolution in two co1or ’~ w i t h its legihIli t,~ maintained under
ambient  i l lum ina t Ion  ranging fro m iO~ to l0~~ Ic.

F:~ i s t ing  colo r tubes cannot s a t i s fy  the above requ irement . Such
tubes which employ apertur e masks are severely l imit ed in bright-
ness and resolution in the aperture mask . Their brightness is
limited because the aperture mask t ransmission Is only 15—2 0~~,
therefore wasting M0-55’i of the current. The wide spacing between
holes degrades the resolution below tha t required in most milita r y
systems. Furthermore , the colo r purity of such tubes is In-
fluenced by their position with respect to the earth’s magnetic
field and it is therefore impractical to incorporate them in air-
borne systems.

— 2 -
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2. 2 Cont i nued

The use of color penetration phosphors overcomes some of the
problems of mask type tubes. The color pL rlty Is no longer
affec ted by the tube orientation and the resolution is higher than
that which can be’ achieved with a mask type tube. Conventiona l
colo r penetration tubes which employ powdered phosphors cannot
be used for daylight (high brightoessi view ing because of their
high reflectivity and low brightness particularly In red , which
p rodUCes a washed—out low contrast display. The reflectivity
of the p hosphor is high because of its particulate nature. The
brightness of the red is low because most of the light generated
by the red phosphor is scattered hr the green phospho r befo re it

— reaches the faceplate of the CRT.

2. :1 •rt ’chn ica l Guideli’w s

2. 3.1 Scope

These technical guidelines outline a program leading to the
design nn( 1 fabrication of a very high contrast CUT. The screen
phosphors of this CUT are to be of the transparent film type
and hacked b a black light absorption coating. Therefore , a
pr ime objective of this program is the inco rpo ration of a phos-
phor—screen technology that will  result in transparent film phos-
phors deposited on a substrate-faceplate which is an Integ ral
part of the CU T envelope. It Is fu rthermore intend ed that the
phospho r screen inco rporate a two layer , penetration type multi-
color stru cture. This phosphored faceplate Is to be attached
to avai lable  tube envelopes in a manner consistent with economical
CUT manufacturing methods.

2. 3. 2 App licab Le Documents

Mu — F—i Manual M 11—STD— 13 11A

2. :i , 3 Requirements

2. 3.3.1 Genera l

This program shall be directed toward the development of a high
contrast CUT based on the use of high efficiency transparent phos-
phors. This capability is intend ed to accomplish this by an ex-
tension of available phosphor techniques to CRT sizes now used
in milita ry equipment. Areas of Investigation and performance
will Includ e, but not necessarily be limited to , the features out-
lined in the follow ing paragraphs.

2. 3. 3.2 Detailed Program Obj ectives

— 3--
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2. 3. 3. 2. 1 Phosp hor Sc reen Characteristics

11 l uminescent Mater ial - The luminescent materia l shall
be one that has a demonstrated high cathodoluminescunt
efflcency in transpa rent form . Since it is Intend ed that
1) 1- layer films be used , the demonstrated efficienc y should
be with various colors , pa rticularly red and green. It
is not intended that phosphor development per se , be pa rt
of t his program .

2i Phosphor Persistence — The transparent phosphors used
in the CUT screen should have persistence in the rang e
of J FDE C designations “medium short” to “medium”.
•I ’ rade-offs of pers istence with other phosphor properties
and cha racteristics should be determin ed.

Physical Characteristics — It is intend ed that a bi— layer ty pe
of phosphor screen shall be used in the (‘UT. In that event ,
each phosphor layer shall be trans pa rent and may or may
not be sepa rated by a transparent dielectric layer.

Light Absorbing 1 ~~~~ - A requirement of this program Is
that the phosphor sc reens he backed , on the electron gun
side , with a un iform light absor bing coating that can be
effectively penetrated h% the electron beam. Specu la r re-
flection fro m this coating, on the phosphor s ide , should
he no greater than l~l. Diffuse reflectance sha ll he no
greater than 0. 25~~~~. This coating shall not cause any sub—
stantial  reduction in electron-current or elect ron—energy
i nto the phospho r screen.

51 Phosphor F k’ctrode_ — The phosphor electrode shall be a
thin  aluminum film , behind the black coating of 2. 3. 3. 2 .1— 4 ,
and electricall insulate d fro m all other tube electrodes by
means suff ic ient  to withsta nd the operati ng levels within the
tube without electrical b reakdo wn or appreciable leakage
Current.

6i Phosphor Screen Substrate - The phosphor screen substrate
shall be capable of withstanding all necessary fabrication
techniques of the transparent fi lm screen without change of
shape or cu rvature tha t would degrade the end result of a
completed CUT.

2, 3. 3. 2. 2 CUT Characteristics

The goa l of this program is a CUT that is physically and electr ically
replaceable with a currently existing CRT. To this effect , the en—

~elope, deflection angle and means , focusing means , and biasing
should duplicate a Du mont KC3055 (formerly KC2626) CRT used in
the AN/ A PR—39 . It Is accept ed that an improved electron gun may

-4-
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,.~~. :i. :i, 2. 2 Contrnued

be used w ith  this phosphor screen. To tt~s effec t , it Is desirable
that the final CUT be electrically interc hangeable with the KC3055 .
as closely as possible , so tha t power supplies driving the KC3 055
neeti not be replaced.

2. 3.3.2 .3 CUT Contrast

It is necessary tha t the CUT be legible in direc t sunlight under its
normal mode’ of ope ration , without the use of added contrast en-
hancement devices. Specific quantitative criteria to satisfy this
r equirement should be developed so that optical instrumentation
tests ma ’, he used for its verification.

2. :i. 3. 2. -i Faceplate ’ (‘t taractt ’r ist ics

The faceplate sit e’ shoul d be direc ted to the above CUT. The
(acepla k’s shall be bonded to the tube envelope by conventional
means or use of .~raded st-a Is , Gla ss—to—metal  seals are un-
desirable. This prog ra m is not intended to supp ort special en—

~‘elopc development.

2. 3. 3. 2. 5 Phospho r Voltage Range

The CUT should operate’ ~ ith in conventional l imi t s  of anode po-
tential.  In no case should this potential exceed 20kV . In the
penetration screen configuration , anod e potential shift s to achieve
coLo r cha nges should be nun(n’,ized.

2.3 . 3. 2 ,6  Resolut ion

A line width , ta ken at th e half amplitude point of the spot distribu-
t io n , of 0. 012 inches or helter is desirable. The line width should
t int exct’od 0.016 inches .

2. 3, 3.2. 7 Display luminance

The CUT ~s to operate under ambient i l luminat ion fro m 1o~ to iO ’—3

fc. The (‘UT luminance is to be un i forml~ adjustable to provide
satisfacto ry legibil i ty under these conditions .

2. 3. :t . 2. ~ Writ ing Speesi

A m i n i m u m  writ ing rate of 50 , 000 in/sec for a single trace for
all colo r fields is desirable.

2. 3. 3. 2. 9 Phospho r Maintenance

The transpa rent phospho rs shall have high maintenance under nor-
mal modes of operation consistent with pa ragraph 2. 3. 3. 2.3, and
Ilur” sensitivity test shall be conducted on the screens Incorporated
into the (‘UT.

-5 -
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2. 3. 3.2, 10 Re l iabiL ity Consideration

Since the CUTs developed under this prog r.im are intended for
tactical and airbo rne app lications , adeq uate consiieration must
be given throughout the development program to the reliabil ity
of thi s tubt ’ for such envIrt)nment s . As an objective , the CUT
should be able to pass the physical tests for (‘l(l s spec ified in
M 1 L — F ;— l .

2. :i . :i , 2 . 11 F :nv i ronmental  ‘I’esti ng

Envir onm enta l test ing of the C Ri’s wil l not bt’ part  of this pro —
gram .

2. 3.3.2. t 2 Pro gram Emp hasis

Ih e  p rog ram emp hasiics the I n v e st i g a t i v e  ar eas outlined in

~~ rag rap hs 2. 3. 3, 2. 1—1 , ~~. 1, 3. 2. 1 —4 2 . 3. 3. 2. 2 , 2. :t . 3. 2. 3,
and 2, :i , :i . 2. 7 .

3, 1) I F  C l I N ICAl  AI ~PR~~A (’ iI ( I L  H F : t ) ESIG N ,

Figure 1 i s  a schematic of the roposed high contrast multicolor
( ‘ R I .  Ih e  phvs ical i i i  men s i )ns are Identical wi th  that of the ex—

tog CR1 L)umont K ’:I t ’ (
~~. The high contrast tube wi l l  employ

a I amina rflo ;un. I h i s  gun i ’f fer s  advantages over th e crossover
gun and is described in Reference I .  The phosphor s reen in cor—
ix rates a black hacked n i u l t i l av e r  hicolo r transpa rent phosphor
(j Im I( ’~~ 5 it ( i I  t ) f l  a s ub s t r a t e  which is  bonded to the (‘UT funnel.
The detai l s  of th is  screen are (tescri l)ed fur ther  in this repo rt.
In operation , the co lor of the’ d ~p lav can he controlled by selection
of the beam potential . At about 10kV , the di~ pla~ will  he red , at
1 5— 2 ’’k \  the displa ~ ~e i l l  he green . With the xcept ion of the focus
and anode potentials , the operat ing voltage wi l l  he the same as the
e \ i s t in g  C UT.

1. i i  ‘I ’ l l ) .  THIN F I l M  PIK ) SPI l ~~R ~~‘UF : F:N

F’igure 2 is a schematic representation of the two—color high con-
tr ast fib-n to be employed in this program. -\s shown in the illus-
t r atio n , t he two—colo r phosphor is supported on a transparent sub-
strate which forms the faceplat e of the CUT.

The green—luminescent film is immediate!  adjacent to the sub-
strate. The red-luminescent f i lm  resides on top of the green one.
The opaque layer is deposited on the other face of the red phosphor
f i lm . Finally , a thin conducting aluminum layer covers the opaque
layer.

—-‘ -—-— ~~~~~
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1 , II

In ~ipt ’ rat ton , the red phosp hor Ia~ ci’ absorbs most or all of the
elect run ht ’;t in energy at potent ta Is beLow 10kV . At high ix~tent ials .
for  e ’x :iinple ’ at 2 11kV lUt I s t  i i i  the elec t ron beam is al ,sor he~l in
t he g r ecit ph~ n.pho r. At i r it e  i’mtx l i~~t t ’  ixb t enti als , Suff iC  elect rons
Ir e  ailso rhet i by hot h lay e r , depend i ng upon the exact value of

the  poten t i a l , A n iath en ia t  ica 1 dese r ipt ion of the opt imum Ii tn t
th ickness  is giv en In the ’ p r u l KIsa l . I ‘I her efo re , at lo~ bea m
cue rg it ’ s , n I’, the red Ih i Is p hi ‘r is  t’~~c ited and the d lspiav appears
re~t , At h igh  1 lea in ene rg I t s , th~’ g re’e’n —lum inesce’nt mate ria l  is
more t -~ cit ed  a nd the dis 1, l ;t ’,  appea ls  gree n. Vari ous mixtures

‘I the  t~~o eoLu i s  a r i’ t ’h t a ined at in te r m ediate value s of the I K )
t en t  i i .  N > t t ’  t ha t  s l u t  e the h in t  inous elite l enc% of the ’ re~ is
mu uc’ h l~ i~e ci’ than  th at  1 the ’ g rt ’en , i t  i s i mpo ~ ant that the red
he p lat ed t i i  ‘. r ” t  to the  elec t r’ ‘n gun , to p revent color con t am—
m a t  IOU 1) 1 the  red t ’~ th e ’ g reen . If the ’ green f i l m  ~ ert’ closest to
th e ’ gu n i t  ‘,e ould is ‘1 he ;. ‘.s m h l 1 - t i e~~c i t t ’  the r eMi ~ ithout gett i ng
s um ,- color t - l l n t a m i u a t i b ) n  (ru in  th e  g reen p~~)sI)ho r.

I he ’ opt - m a t  ion of th  i~~ ~~t ’ r i- i tt in h igh  •t mhit ’nt  l i g h t in g  conditions
( s  t i ’ c u s s e t l i f l  our pr ~~p0s~~~ , l’ i . ) ~~~.

I H IN  El I \l I ’iI ( ) SPII (  II( “.1 R I  F N I A H R I C A T I  i\  A NI ) MF:ASt REM EN’r

bu r ing th i ’. int t ’ r i m t .  I oekhe’e~t I’ a Ib ~ Al t o  Ue- ’eare h l aboratory fa~i—
r u -at i~ t and ilu l t ’,  i’e~ I I ~ fact ’ ;  I la te’ s t i  \~ a tk in ’.  — .Johnson and one to
F’ RAI X ’  ‘M ~ 2t ~~. 1 ht ’ correc t th in  f i l m  Ii ’p~ ‘. i t i o n tec hnique had
hi - i -u  prey o t m ’ ~ I ’, di ’t erm mci i leav ing  only the la st  details to be cor—
re’c t lv t l t ’t erm m c i i , I ‘nt d e t a i l  developed int ’’  a problem: the mech—
i m e a l  ‘-.t r en gth of th e  g las s  at t ’ I t - ’ ,  a t i ’t i k -n t p e ’r a t u r t ’ .

~. 1 1 72 i ’  t ;lass stru ctua l In t e~~r i t ’

1 h i m aw  pi ~~h l i - m  % i J s  n i i n t ~i i n i n g  the’ st ruc tura l integrity of the
1 72u gla ’. ’- f a c i - p lat e ’ d ur i n g  U i ’ I ’ b ’  ‘-a r~ ;w i ’ . t  heat tre ’atmcnt -s . Sur—
fat - i - I I I  sto rt ion and hem 1k ~e a r; age te cr c’ ‘n’~~i. The cath Mio—
luminescent  propertie-s of th e  k - p o s i te d  ~~~~~~~~ thin f i lm are im—
proved to an acceptable’ qua l I t ~ I a heat treatment in a 1124- 502
atmosp he re . ~‘~I ~~ i mum improvement oce’ti i’S w i t h  heat treatment at
1t ’~0’~C. The 172° glass  faceplate can not withstand th is  tempera tu re
~e ithout deforn m ing . The’ heat t reatment temperature’ must be less
than 9I~~C ~~th the’ corresponding d i m i n i s h e d  cathodoluminescent
improvement.

The’ temperature — mechanical  strength prope rties of 1720 glass
are revealed in Table I .  At 6( 7’(’ , the glass just begins to defo rm
under load. Increasing the ’ temperature to 915 c, the glass deforms
under it ~ own weight. I;ct~~ecn these temperatures the glass may
deform if subjec ted to stress iloadi .

‘%_ _:—~~ 
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1, ~~, I Sur face l) isteerteon i~ruhit ’nts and Solution

‘l’he faceplate sur face thstortion problem was encountered during
the’ 119*St ’l treatment at elevated temperature which is necessary
to improve th e brightn ess of the phospt~)r f i lm s , Distortion con—
t inues l to be a pruil lena althoug h the treatment temperature t.cas
lowered In stt ’J)s fro m “7o~ 

- IL) •s2~~ ( .

‘Fhe’ ~u m ’face ’ di st irt h u t  was in the’ form of a somewhat complex
~ atte ’r n in tha t the’ uncoated surface of the 17211 glass had frosty
areas together with clea r ar c -a ’-  wh ich  appeared to have’ melted.
t hest ’ rIca i’ areas look ed 5Ofl I~~% hat like ’ spokes of a wheel , and

~e t’ re genera Hr c ‘nea ye , In al l  cast’s , the’ distortion was confined
to reg i ’ in s id the front I Liitc ~ a l t ’, II  surface opjx s it t ’ the f i lm —coat—
e’e l area of the- hack sur face  il- t~~t m e ’ t - 3~ , 1’hvre ’ was no surface di s—
I’ ‘rtion in the ’ tx )r (Ii- r  region opposth- the’ I ‘ -I inch wide uncoated
bordt,r a rt - ; t  on the Ii m t  idt’ ,

It as f euun t i  that no ~ t i i- fac t - (t ls t t ) rt ion of an uncuat eel 1720 glass
‘l i s t  c -c c - cm r ree l at — 1-I •(‘ for one hi ~t i r in a rgon , whil e a dist ’ coated
\t ith I .1 , 4 l .(~ ;)hosp tw ) r Ii h a t s  s) iu%e eel surface distortion after treat—
mt’nt aithe’ ‘-ame ’ tempc ’ratu i’c- in the II ,. 

~
A fur ther  test  \~ ;i~ - ir i l l e 1,~ t r eat  mu g an unet ,ated 172i1 disc in the’
~~~~~~ ~ ( 

~~, 
:i tmosphri - .- it  7’ ’C f i r  one hour.  N t ’ surface dist ort ion

‘1 th e.’ ii  Sc -~~i m rree l , t h i t s  rul ing out any reaction between the car—
I • ‘it 5L 1 ) $ W I II  p late ’ anti the’ g Ia ~~ ‘

— disc that mu ight have ’ been promoted
b~ the ~Ict  ive’ gasee ’u s  anahie ’n t .

It is concluded tha t the ve’fl unusua l  surface distortion observ ed on
t r ea t ing  coated d i s c - . I s  th e r e sul t  ~f stress ar is ing fro m the diff—
ere’m-e in the rmi al t~ ’t~ ‘. m m a s  it i i i  CI , t - l I i c i t ’n t s  bet~ e’en the phosp hor fi lm
a nd th e  g1a~-’s . i he ’ linea r coeffic ients for I a ,, )~)5 and 1 720 g lai~s
a rt - •~ ‘. I II~~~’ per C 31 ’o—,uo K) and -1. 2 x 1 u~~ per ~~~

‘ i2 73— 57:~’Ki
resp ect ivi ’l~ . A compa r ahi e ’ d i lu i - r en c e  probably rX ~~st s  at ~70 C

I I  1’~ I • a I t h ~ ‘ugh 151 I i te ’r atu re’ v:i lue’s ire avai lab le  for eith e’r
m .m t - r i a l  i t  t h i s  h igh er  t cnt ;n’r ature . At the treatment tempera-

t ure ’ , th ~ mismatc h of t ’\pans iun  coefficients between f i l m  and glass
j~flxIti ~ e’s a tensi le’ - . t m’ i- ss up on the coated surface of the glass. As
t h e  k ’mper aturt ’  c’x( ’ (-ed s the’ s t ra in  p o in t , the ’ stre’ss is relieved by

i ’-e’ c~eis f1o~e ‘if the g l ass , on subsequen t c x l i n g  fro m M 7O C to
I~~ 7 ( ’  the coat ed surface would he const rained to contract faste r
than the uncuated surface ’, Cooling helov ( i ( 7 C  the th en rigid
glass  would he pla ced tinder compressive stress.

Ihe  su r f ac e di  ‘-tort ion mec hanism Was not mo re d e f i n i t i v e - t v  defined.
The ’ final solution appeared to he the selection of a better faceplate
m a t e r i a l. The Inter i ma c solution was to re move the disto rt ed sur-
face h~ 1xdish lng. ihe  interim solution ~t:is successful and exped-
ie nt .

9
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~~, 1. 2 V. arpeie i Faceplate

The facepla te ’s would ~ arp to var~ ing degrees during hea t treat—
iaac nt , Ih e  thermal expansion coefficient mismatc h discussed in
t he previous paragrap h results in the l a 2t)25 coating applying a
st i’e’ss to th glass sub strate at elevated temperature. I)ur ing
heat treatment the glass is under stress during hea t ing until
t e ’maapc ra tu r es alMo. e’ titi7 C ‘~ hen the glas s flows I t ) relieve this
Str ess,  Holding at the m a c a x i m l i u m m a  temperature M 7 O C i  for one
hour the ’ glass h~ s t i l i m e  to equil ibrate to a s t ra in  free condition .
When e’oc~lmg to 667 C, stress  is relieved t~v viscous flow . How-
ever , t he’ I a ,t i ,5 coated surface ’ is contrained to contract more
ttuiii  the othe r s h i t ’  amid Lb is  s tm ’aiitt ’d iF’ igu i’e 3i or warped con—
c i t t iun  is ‘‘ lruicn in ’ as t he’ [at e-p late - cools below 667 C to rtx)m
It m l c $ t c  ratu Fe ’ . 1 h i s  ‘-t ra ined or ~c a rpe’d condition (this is not
surface ’ ‘ I i  sb tin ‘m u 1 ‘es  iii t m ant le- st  itse ’If as a probk ’nt at this
li nac’,

5. 1 • 3 Slumpu~g I 1cm t- ui~ lie-at I r e ’atnce-n t

it v~ as m’ i - js ’ rt e’c l Wi  — 7 ”  —$ 16 1 ~I H I 7i that the glass faceplate
s ltimpt-d to c - e l n f o r l a l  to ~h t -  suppo rting substr.ite dur ing the’ s70S~
heat tre ’ati m~~nL ~u lor ee ver the pr otik-n i  was solved hr polish—
i mag the ’ -nhs t ra I t  - flat , The.’ cc i-h  s in  nap  is not entirely accura te.
Slumping is ~la. ~s de’torming utuk ’r i t s  own weight isoften i ng

~ i i n t  of 1 72° g la s s  i s  ~iI  [~~ 
- , ~lu nap ing  w i l l  not occur unless

the t e i c  ~~
- r atu re Is inc re-asee l 4 5 ti 91 5~~ . lIowt ’ve’r , the con—

t av t -  sut) st  rate ’ ~e oul t i  ac-c ’ ‘nc wia t e ’  the ’ concave ’ warpage j ust d i s—
ct iss, sl  i~~ . I .  .~~ as the facep late- w as placed on the substrate

ide ci ; , The’ (Iifk ’r ( ’n t ial  th ermal expans iofl plus the u n—
sei p ;uc ) rt (sl ~c i gh t  of the facep late combined tet make the glass
‘‘ - . l u m p’’. It ~c as oh si- r~ t - ’i the ’ flat su tu s t r a te  reduced this deforma—

mo n app ret- iat  ‘ lv ,

2 l te ’fle -ctane e’ an t i  l tr i g htn e-ss ~‘c le ;est i  r t - m n ( - n t s

The’ reflec tance and b r ightne ss measurement techni ques were de—
f in e ’ cI  in the selCorKi t i a t e r i ta t  report l - C OM —77—2639—2 i.

~. 2. 1 Specu la r Reflectance

The ’ specu lar reflectance’ for faceplates X X I I  — XXVI I I  were initially
measured on the disto rt ed faceplates at selected positions that
~~erv visuall y frost-free . In general , these areas were’ concave ,
and it is probable tha t sonit of th e incident light escaped detection
by the’ photometer by reason (I f refle ctio n at an ar~~le other than
the appa rent incident angle .

The faceplates ~ er c mea sc i red again after optical polishing to re—
n o ve the ’ disto rtion. The aver age of the naeasurement ,s was O.3’i
higher  than that for the ’ p r c -c ic ~U5 measu rements (Fac eplate XXV I

-1 0-
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5. 2, 1 Cont inued

~cas  s e m a t  to SI r . E~rI e,ko’.cski  for p olishing on the M azur machine
at F(’ )M anti ~ as thus not avail abl e. ’ for the aft er—p olish measure —iace ’ n t s i .

spe ’cu lar reflections were again ilceusu r esi for th is g roup of face—
PI:ttvs e ight  ‘lay s Later , ~ t the l i na c ’  the ’ d iffuse refl ectance mea—

~e e’rc ’ iaaude ’. Th~ valu es ~c c-re ’ lower tha n the second
i t i e ze-~ureuo ’nts , and higher tha n the in i t ia l  naca surem ents . There
\d ,is - t l ~ o a somma e ~c hat ~na aILer  spread of the indiv idual faceplate

a lit-s . I h i s  f lay  be’ the- re sult  of Improved operator ski l l  orj )e ’ rhaps due It ’  . g  ng of the  ;. ‘ii heel s cm rface’s; it  is well known
th at  a r esiut ’tm ,, zm of re.’flt.ctaru’e’ is assoc iatc~j c~ ith aging of po—
i i - .hee.i sur face- s .

I he re’su lt ’. of the’ r e f let -tan e -e .  naeasure ’nicnts for faceplates XX II—X X V I I I  aire’ summarized in the accompanying Table 2.
m a ie ’ asu rt ’me-nts for Iae - e ’piAt e s XXI X—X x~~\’n c~made’ by I A~ ’ktI ~’e~i only atte ’ r po lishing and arc sunc murized in

Ta bL e- 3.

5, 2. 2 i) i (fust• Re’fle.’e-ta:act -

1 ~eo method s ~ee. ’re- used for  tht ’ d i f fu se- reflec tance measurements .
In the f i r s t  method the sample was rotated 16 eie’g ret ’s from the
specu lar ialt ’asure ’nat ’nt p o s i ti o n. I h i ~ produc ed an angle of I n—
c idt’nce’ of 1t ~ a nd a measu r i n g  angle’ for the ~ca t tr r ed or d iffusely
r e’fleetesl li ght of I b’, Ih e  s ig n a l  nic a su red in the diffuse position
~e as r e’tcr enc’ e.-e j to t he’ sign a l  e ’htained in the specula r position.
In the st ’e-ond :mat ’tPsxi , the ’ p h v s i r . i l  arr angt ’rn t-n t ceas identica l ,
hut  the st ’nsc t m ~- t t ~ of the ’ Pritcha rd &~pot Brightness meter was
increasesi tt ~ .i [acto r of I i i  and the measured signal referenced
to tha t obta ined  tt -e ,m a i l i f f u s e ’  s’ Ita rc e ~~ :t ;lo Paint  on flow 17
‘~u I) st  rah i lo t- ~ h i t -h  a r i ’fle ’c tan c, of ii, -‘9 had lw-en previously
dete imtj nee l for vi  ‘- i t  i i i -  l igh t ,

I”or the. ’ Ii r —t  method , a l l  sample- .  ga~- e’ a valu e ’ of ii a 0.00$; for
the ’ set-ofle t me thod , all  samp les gave ’ a valu e of 0, 007 0, 001.
in th e second method , it  i ’. &-uspe.-cted that  the measured signal is
large ly due’ lii si ras l ight  in the’ measurement n o m ,

5, 2. 3 Cathodolumlne’scen t Brightness

Cathcx loluminescent brightness of the faceplate was measured
at a bea m current of 5p A at a ac Vies of electron accelerating
potentials , using the de’rnount,ohj e cathodolum inescence mt ’asu r—
i ng sy stem. The results , normal ized with respect to an l a 2O2S~Thfi lm on sapphire processed at 1 050 C , are summarized in Table 4.

II -

L-. - — -~~ - -



r

TAB LE 2

Resul ts of Reflectance Measurements

t~pecutar Spec u lar Specular DIffuse
Befo re After After After

Facep late Polish , Polish , Polish , Polish ,
No , 1—12 -79 2—12 — 79 2—20 — 79 2—10—79

XXII .054 .051 .050 < .010

XXIII .056 , 05M ,055 < .010

XXIV , 047 ,054 .053 .010

XXV .052 ,o5~’ .055 < . 010

XXV1 . 046 —- -- --
XXVII .053 .057 . 055 . 010

XXVIII . 054 , 053 . 053 • 010

Faceplate XXV I was sent to Mr. I’~r ,yzkowsk l at ERA DCOM for polishing.

-12-



TABLE 3

Results of Reflec tance Measurements

Specula r Diffuse
Facep late After After

No. Polish , Polish ,
2—21—79 2—21—79

XXIX .06 1 .007

xxx . 059 .006

XXX I . 055 .006

XXX II .064 . 007

XXXIII . 060 . 007

XXXIV , o5~ . 007

LXXV , 05~ . 009

XXXV I . 060 . 009

XXXVII . 057 . 006

Average .059 .007

_  _ _  ~~~~~~~~~~~~~ 
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5. 3 N H Film Deg i’adatwn

The non-reflecting ) N H I  f i lm n aav suffe r fro m heat treatments
in subsequent ( ‘ ItT fabr ication . The NH fi lm is a graded com-
position of ~-anaeIi un a anti oxygen and is de1x)sited after the phos-
phor thin f i lm (I.a 9O 2S) I s hea t trea ted. In p rocessing, the fr lt
sealing cycle might promote soltel state diffu sion of vanadium
and ”e)r oxvg ’n in the f i lm , This diffusion would become evident
as an increase ’ In r c fke.’ t ivit~ and tran sn aission . At elevated
te ’iaa p e r ature s the poss i L) th t% of a reaction exists between the
N H and I a.,( i~~5 f i lms , 1 hi s ~ ouId result in a dec rease in the
cathodoluminescen t br ightness of the I~a~U - S  f i lm .

~\ -~tu e I% ~e as macic to II ( -t ( ’ r i aa in e  the ’ effec t of ex iNis u re  of the
phosp ht)r Film — NH f i l m  conthinuti on to elevated tempe rature
for a pe-r nsl of t ime  en an ine-rt  atmosp here. (‘onditions were
chosen to simulate those.’ of s ’~u l in g the ’ cathod e ra y tu be face—
plate s  to the tube e’nvelope tin ring as st ’mh lv which is typically
1i40 t’ in a nt tr oge-n atmosph ere for ti ne hour.

An 000 A f i lm  of 1a 2
( i ,S:ib  phosphor was deposited on a 3 inch

d iamet er disc of 1721) ~
j ’lass id -nt ica l to those used for the face—

p lates . :~ non—reflective vanad ium—based fi lm was next deposited
over  t he- phosphor. o n e  half of the disc was masked and ~oü~ of
ale ri ~ i nn m ~k’ 1~~is ted on the ’ unmaskes t N H f i lm  area. Specula r re—
f l ec t i v it i t ’ s  were- measured for the aluminum—coated and uncoated
areas fro m the facep late vic ’~ ing s i(Ie.

Thu disc was then divided into a numbe r of pieces using a diamond
saw . :~ftee’ thorough rin sin g to remove sawing debr is , the pieces
were dried . i’alrs  of aluminum—coated and uncoat ed pieces were
subj ect ed to tempe r .iturcs of ) i52 , 627 , and 604 C In an argon
at mosp here of a tube fut’oaev for  1 hour. A rgon 99.99’~ was

~clec ted as th e amhi e -nt  atmosp here to insure complete inertness
towar d the Ni t f i l m ,

N itrogen , however , ~s presently used as the actual sealing ambien t
and there. ’ is some lX~5si t ) i l i t Y of an effec t on the NH film by reac-
t ion of vanadium w i t h  nitrogen. The litera tu re (Ref . fl suggests
such react ion would be m in i m a l  below 700’C.

5 , :i . 1 Reflect ivity Measurements

SpecUlar reflectiviti cs were subsequently measured on the in—
divid ual test pieces. The reflectivities of all test pieces is seen
to have increased . The average inc rease was 20~X . The Increase
for the alumInum-coated samples was about half that of the non—
alum inum—coated samp les at 605 and 62rC , but practically
identical at 652 C. A mo re extensive stud y would be required to
dra w val id conclusions as to an y rea l difference between alum inum-
coated and uncoat ed fact— pla t es.

- 15-
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5. 3. 1 ContIn ued

Befo re trea tment the samples without aluminum had the normal
metallic vanadium appea rance of their back sides and had low
light transmission as viewed against the laboratory fluorescent
lamps from their front side after treatment,. AU three samp les
without aluminum lost their meta llic appearance and had Inc reased
transmission. 

- -

The samples with aluminum were opaque due to the aluminum both
before and after trea tmen t. The aluminum of the sample treated
at 605 C exhib ited the usual bright metallic appea rance afte r treat—
meat. The aluminum of those treated at 627 C and 65VC had a
yellow tone after trea tment. The yellow tone is probably due to
diffusion of vanadium meta l Into the a lum inum.

The increase of t ranspa rency (and consequently , reflect ivity ) is
probably due to a diffusion of oxygen or vanadium throug h the
graded vanad ium NH film , the initia l composition of which is be—
iieved to be %‘205 at the La 2O2S-NR film Inte rface and metallic
vanadium on the outs ide. An interd iffusion would decrease the
oxygen g rad ient through the fiLm , producing a leveling effect
with all portions of the NR film tending toward a uniform lower
oxide of vanadium.

5. 3. 2 Brightness Measurements

To assess the possible reaction , catho doluminescent brigh tness
— measur ements were made on the trea ted samples and compared

with  the measured brigh tness before treatmen t. There is no
significant diffe rence between treated and untrea ted samples . It
was concluded that there is no reaction between the NR and —

La~O2S films.

6.0 PARALIJ~:1, Tt ’R E PR(X ;RAM

Four facep lates were received from Lockheed In early A ugust
(•18-2 1). Faceplate 19 yielded an operational CRT. Measure-
meats revealed a factor of four improvement in brightness (at
10 kV, . This Improvement was believed to be due to improved
cathodolumlnescent efficiency of the phospho r film ( Lockheed’ s
improvement). An Einze l electron gun was used in this CRT;
bipotent ial guns were used in the comparison.

The history of the three unsuccessful attempts follows. One
faceplate was fr it sealed satisfac torily; hownver , the absorbent
black layer became transparent. The water , henc e oxygen, con-
tent of the fr it sealing fu rnace atmosphere was suspected to be
excessive. Further oxidation would inc rease the tran smission
of the film, Steps were taken to reduce the partial pressure of

- 16-
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6, 0 Continued

119() to zt i’o. Ite for e this occured , a second faceplate (*21)
was aluminum coated on 50 of the surface and was then heat
trea ted. The uncoated side suffered an increase in transmission
due to the water vapo r contaminated furnace atmosphere. This
faceplate ~~~Is fabricated into a (‘FIT and brightness data was
measured for eith ei’ ha lf of the facep late . The measurements
for the coated suk ’ were expected to be equal to or less than
those [or the uncoated side as the fraction of energy used to
oenetratc the coating would then be unavailable to excite the phos—
thor. The data was inconclusive as the opposite tend was oh—

‘.er vt ’d, F :ssent iu llv the’ brightness was not affected. The degrada-
tio n of the absorbing black layer would decrease the contrast and
not nt’c t~~sar i lv  the brightness . Qualitative tests were performed
at ) ‘a iser :~t’L’OspaCt ’, Palo Alto, California. ‘I’he contrast was
not sign i f icant ly  different for either ha Lf of the faceplate .

The fo rt h facep late ~‘2 i ’~ was t n t  sealed to a funnel at too high a
• t emperature. The tunn el deformed under the weight of the fix—

ture . lo p r e ven t  this the furnace ~ as calibra ted and the fixture
~~as l ightened. Moreover , the facep late was returned to ERADCOM
for salvaging.

7. 0 t’~~N C l . t Sl( )NS

1720 glass is not a Pt’rfect faceplate material .  The softening point
of glass is approached as close as possible during the heat treat-
ment necessary to improve the cathodolum inescent efficiency of the
I a2025 f i lm . The bvst improvement , without melting the glass, is
approx i mately 70 - -  of tha t achievable with  a much higher me lting
faceplate material isapphir c~. At the beginning of this program
i~Iass was favored over sapphire.

Surface distort ion on the uncoated surface of the faceplates re-
sulted fro m heat t r eatment at ‘7’~ (’. This problem was resolved
I polishing the surfact . Warpage of the faceplate also resulted
from the hea t treatment. It ~~~is not ( ‘xeessive and could be accomo—
dated in the t n t  sealing operation (a grinding step ) .

The improvement in brightness of the most recent CRT indicates
an Improvement In l ockheed s sI)utte r deposition and heat treat-
ment technique. An improvement of approximately fou r was a
result of improved process cont ro l luring sputter deposition and
a t t a in in g  a maximum of ‘~70C  dur ing heat treatmen t.

Tests to investigate deg radat ion of the absorbing black fi lm have
been inconclusive .

- 17-
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“. 0 PROG RAM FOR NEXT INT ERIM PERIOD

Fabricat ion of complete CRT s shall occur next inte rim using the
facep la tes dlscr lbed in this report.
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